excessive time persisting with difficult questions could mean easier marks and better grades 23 were not obtained. In testing this hypothesis using laboratory-based tasks (monetary risk), it 24 was found that grittier participants tended to persist longer when losing, with the potential to 25 Mental toughness in high-altitude mountaineers 4 incur greater losses. In some circumstances, grit represented "not knowing when to quit"; this . In contrast, there is value in knowing when to move on to avoid further losses. 3 As there are such overlaps between both concepts, conceptual distinctions between MT and 4 grit are needed. 5 One domain in which such concepts are particularly important is high-altitude 6 mountaineering. This activity is generally regarded as a risky pursuit, occurring in some of 7 the most hostile and dangerous terrain on earth where oxygen is sparse and survival tenuous in the commonly-termed "death zone". While all aspects of high-altitude mountaineering 10 involve danger, statistical evidence (Wickens, Keller, & Shaw, 2015) indicates that summit 11 descent is most dangerous when the risk of death significantly increases, often directly (e.g., 12 from falling) or indirectly (e.g., from having to bivouac above 8000m) related to greater 13 exhaustion and oxygen depletion. Physical dangers resulting from low temperatures and lack 14 of oxygen include hypothermia, frostbite, acute mountain sickness, and cerebral and 15 pulmonary oedema. In addition, environmental conditions such as the steepness of ground, 16 crevasses, rock/icefall, and risk of avalanche make high-altitude mountaineering a dangerous 17 activity.
18
While physiological adaptation is crucial in such environments, psychological factors 19 are equally vital to success and survival, with effective DM necessary in often stressful and 20 challenging circumstances. Literature on high-altitude mountaineering is relatively sparse, 21 although climbers have been found to be sensation-seekers (seeking out novel, stimulating 22 encounters), who have different perceptions of risk to the non-climbing public (Ewart, 1994) . 23 Rather than pursuing risk per se, mountaineers search for extremely engaging and 24 intrinsically rewarding experiences where high levels of challenge match skills and can 25 Mental toughness in high-altitude mountaineers 5 facilitate experiences of flow (Delle Fave, Bassi, & Massimini, 2003) . Nevertheless, some 1 evidence indicates elite climbers can become obsessed with goals, and this strong compulsion 2 to achieve can mean that some place themselves in danger, with potentially grave 3 consequences (Burke et al., 2010) . This is evident in the so-called "summit or die" approach 4 (see Wickens et al., 2015) . Experienced climbers have been found to possess highly 5 developed self-awareness, self-monitoring and ability to control internal and external 6 situations, allowing them to remain confident and focused, distinct from recreational effects of cold, oxygen depletion, and health. These researchers identified the need to 13 examine whether differences in personality may underlie good or poor DM, given limited 14 existing research. The information processing approach highlights the complex factors 15 involved when weighing risk against reward. Further knowledge of how individual 16 differences (e.g., MT) influence such decisions is much needed, especially in the context of 17 previous work highlighting MT as significantly and positively related to attitudes toward 18 physical risks (Crust & Keegan, 2010) . Given high accident rates and the potential 19 consequences of poor DM in mountaineering (e.g., injury/death for oneself and others), 20 understanding the influence of MT, alongside other situational factors, could substantially 21 benefit the safety of participants (e.g., decision-making / awareness training, deliberate 22 choice of climbing partner to offset risk).
23
One previous study used an interpretive phenomenological analytic (IPA) approach to 24 examine MT in mountaineering. Fawcett (2011) provided a case example from a larger
25
Mental toughness in high-altitude mountaineers 6 sample of interviews with elite high-altitude mountaineers and explorers that examined the 1 contextual nature of MT (e.g., whether MT was perceived differently across sports / 2 activities). Safety and survival were found to be crucial and the participants reported keeping 3 emotions in check, control of ego, self-knowledge, and the ability to make correct decisions 4 under pressure as indicative of MT. Generally a realistic perspective was adopted, involving 5 perseverance and suffering, calculated risk-taking, but also the acceptance that sometimes 6 conditions were too dangerous to continue. This study provided a broad understanding of MT 7 in mountaineering, with DM processes examined only briefly.
8
The aim of the present research was to examine the lived experiences of mentally 9 tough mountaineers, with particular focus upon key decisions relating to continuing or 10 aborting summit attempts. We focus upon both the benefits and drawbacks of being mentally 
Method

17
Participants
18
Fourteen high-altitude mountaineers participated in the study, with the gender ratio of 19 ten men to four women consistent with participation rates in extreme endurance sports 20 (Schüler, Wegner, & Knechtle, 2014) . Of the sample, two participants were also experienced 21 expedition leaders, four acted as guides for less experienced climbers, and two were high-
22
Mental toughness in high-altitude mountaineers The sample included mountaineers from the United States (n = 7), Great Britain (n =
3), Iran (n = 1), Germany (n = 1), New Zealand (n = 1), and Mexico (n =1). Twelve reported 8 climbing as part of an expedition-style approach; this involves setting up lines of fixed ropes,
9
establishing and stocking camps at various points with the aid of high-altitude porters (e.g.,
10
Himalayan Sherpas), and use of supplemental oxygen during summit attempts. The high-altitude doctors had similar mountaineering experience to the other participants (including numbers of 8000m expeditions and summits). However, they also performed the role of doctor on those expeditions and were therefore able to offer an additional perspective (e.g., in terms of treating high and low MT climbers). were complete, the first two authors listened back to a recording, to provide self-reflection, 24 critique, and to aid the process of bracketing. For example, this process led to greater agreement about areas to probe in subsequent interviews -the content of which was reflected 1 upon in weekly meetings during data collection. not request any changes to the analysis or manuscript.
7
Results and Discussion
8
All participants reinforced the importance of MT in mountaineering due to the 9 specific demands of the sport and environmental conditions. The data are organised within Enjoying the challenge / accepting the risk. The passion for and enjoyment of often worrying about how they are dong, how they feel" (6) , and that "they're sort of like 18 scared of what they took on, it's more than they thought" (11).
19
Managing (minimising) the risk. Participants reported the perceived ability to 20 manage some risks through experience, planning, preparation, and logical DM. This was not 21 seemingly born from a sense that it could never happen to them, rather an acceptance that 22 things could go wrong but it was possible to reduce the risk through careful risk- were very logical risk-managers:
4
I think a lot of that is about appreciation of risk rather than trying to ignore risk.
5
Ignoring risk is dangerous. Appreciating it, working round it, seeing it as a challenge 6 to be overcome, not as something that must be ignored, I think is key to being 7 mentally tough (4). found mentally tough cricketers were sensitive to punishment, were vigilant, and planned 10 ahead to avoid negative consequences. for conditions to improve before realising the route had become too dangerous. "The right on also being prepared to give up" (13) . The decision to turn around was never taken lightly, despite being three hours behind schedule and aware of worsening weather conditions.
11
Monitoring of conditions (situational awareness). Experienced and mentally tough
22
We felt strong, we were both very, very determined to achieve our goal, the 23 conditions on the mountain were fairly good, fairly stable, so we just kept pushing 24 Mental toughness in high-altitude mountaineers 22 each other on... a mountain is always there tomorrow, so you can always come back 1 tomorrow but sometimes a timeframe is never there so it has to be now or never. (7) 2 The decision, primarily based upon supporting his partner to achieve a landmark achievement both were physically depleted and struggled down to a lower camp.
10
Mind-body imbalance (persisting too long).
There was a feeling that some people that experts are just as susceptible to over-confidence as novices (Kahneman, 2011) .
20
Selective attention / discounting. Some mentally tough participants highlighted the 21 fine line between challenging oneself and pursuing goals, and losing a sense of reality.
22
Well it's difficult to make decisions at altitude for many reasons. I believe one of them dangers that indicate risk outweighs reward. It was felt that few people with low MT were 3 drawn to mountaineering, although some climbers were felt to be tougher mentally than 4 others. Several participants reported that they would not choose to climb with a partner whom 5 they perceived to lack MT.
6
General Discussion
7
Through adopting a phenomenological methodology, this study aimed to examine the 8 lived experiences (particular focus upon DM) in mentally tough, high-altitude mountaineers.
9
A central feature of the work was to explore evidence of costly perseverance (Lucus et al., 
19
A plausible explanation of our findings is that, analogous to other psychological 20 constructs (e.g., self-confidence), there is an optimal level of MT. Previous MT research has 21 tended to emphasise the benefits and largely overlook potential drawbacks (Andersen, 2011).
22
Mountaineers from our sample mostly reported persevering in challenging situations in order 23 to achieve goals, but recognised limits and applied restraint as necessary when safety was participants would theoretically be well-placed to function effectively when under pressure.
7
Despite this, some mountaineers were described as too mentally tough for their own where participants themselves lost fingers / toes to frostbite following decisions to persist.
8
Participants also reflected on risky decisions that ended favourably, when the outcome was and psychological grit, with the latter more likely to adopt stubborn persistence. This might 17 explain why our participants were generally able to retain a sense of perspective and remain
18
realistic even when having to abandon personal goals. and holistic evaluation of potential courses of action (Cotterill & Discombe, 2016 prepared to take calculated risks, as one climber reported, that doesn't mean "any risk".
22
These participants were aware of limits and retained a sense of reality, and the good 23 judgement to know when enough was enough. It was accepted that the toughest decisions 24 were actually to turn around (also see Fawcett, 2011) why some people present greater dangers to themselves and others. Finally, while we have presented our interpretations of the data, others could have coded 22 them differently and may have arrived at alternative conclusions.
23
The findings offer several promising lines of enquiry and further research will enable 
